Pareto principle of maldistribution is based on the fact that in the manufacture . or repair of hardware there are almost always a few kinds of defects that loom • large both in severity and frequency of occurrence. In either case, these defects are significant because they are costly. The principle states that a relatively few items will account for a disproportionately large amount of total effect. It has been described as a method for distinguishing the significant few from the trivial many.
INTRODUCTION
The "Pareto principle" has by this time become deeply rooted in our industrial literature. It is a shorthand name for the phenomenon that in any population • which contributes to a common effect, a relative few of contributors account for the bulk of the effect.
Vilfredo Pareto, an Italian sociologist and economist, discovered an analytical method that has come to have very important value in the economic control of quality. Pareto observed the phenomenon of maldistribution as applied to distribution of wealth and advanced the theory of a logarithmic law of income distribution to fit the phenomenon. Applications of this principle to quality control appears to have been introduced by Joseph M. Juran (3) & (4), previously applied effectively in industrial engineering in reducing losses in manufacturing processes and production controls. I 1E-4 32 r -1 • In the field of quality control, the principle is based on the fact that in the manufacture of hardware there are almost always a few kinds of defects that loom large both in severity and frequency of occurrence. In either case these defects are significant because they are costly. Pareto principle thus, indecates where to direct one's effort which is of tremendous benefit. One of the benefits is to efficiently allocate inspection manpower according to the relative importance revealed by the "Pareto" analysis in the sense that some parts will receive more inspection than the others (1) . Another benefit is to find out the defects that should be reduced in order to improve quality and reduce cost (2). Those are the vital and significant few defects as distinguished from the trivial many.
'The undertaken research, aimed at applying "Pareto" analysis to all kinds of defects that may occur in the machining and assembly processes included in the major overhaul of automotive engines in order to rocgnize vital defects and take actions to treat their causes. The analysis of defects at the considered repair workshop during a period of one month was utilized in addition to interviewing quality personnel and workers. It is to be said that the findings are to a great extent result of the specific circumstances of most of the similar workshops in Egypt including the problems encountered in materials and spare parts supply, technical status of the equipment and other factors affecting the performance of manpower that are the problems of the industrial sector in general. It is believed that the results, therefore, apply to any other similar workshop.
It was intended to deal with a case of a repair workshop in this research bearing in mind that, in Egypt, the application of quality control techniques to repair workshops is not given the same amount of concern as compared to the concern given in case of factories. The research revealed that all the techniques of analysis *of defects apply.
ANALYSIS OF DEFECTS IN REPAIR WORKSHOPS
Needless to say, the efficient quality control system depends mainly on an efficient system for data gathering, recording and analysis in the field of quality especially data concerning defects. Unfortunately, in Egypt, the activity of keeping quality history for different kinds of defects does not take the sufficient deal of concern. That is, the inspection process is usually performed to examine the quality level at a certain moment and actions are taken immediately according to the situation without recording the results of inspection and the actions taken which enables building up a quality history over a certain period of time. Thus, the opportunity of gaining benefits from the analysis of defects history is wasted.
In short, one of the major deficiencies of the quality control system in the Egyptian industry is the lack of quality information. The activities of data gathering, recording, storage and retrieval are not performed in the right way. Quality managers are in most cases unable to submit reports about quality because they, first do not have the enough recorded data and second they are usually not asked to submit such reports by their superiors.
It is so easy to keep records about defects by using especially designed data sheets in which each quality characteristic is given a code number and the frequency of out of control occurrence for each characteristic over a period of time is recorded. The careful study of defects history enables the quality manager or quality engineer to recognize the significant defects and try to find L 6 -8 May 1986 , Cairo r 1 out their causes. He may find that a specific defect is caused by one or more of the causes that belong to one or more of the following Ms:
The possible causes that belong to each one of the Ms mentioned above are given in what follows. in the five sections according to the quality plan the efficiency of which appears in the final running test. The defects are therefore detected during the running test which is performed for all the engines. The system that was followed before in the workshop is to treat the detected defects without keeping records about the defects. Before the study starts, a special data sheet for recording defects data was designed and put in use in the five sections. .
The study extended to cover one month production (500 engines) for which the defects detected during the final running test are recorded in the data sheet.
• The analysis of defects started immediately after accumulating data for the .500 • overhauled engines. The two usually followed ways for ranking the defects are: • a. According to cost incurred in treating the defect. b. According to the defect frequency of occurrence.
It was suggested in the considered study to combine the two ways in one composite way that take into consideration the two factors, cost and frequency, according to their relative weights. It is though that a weight of 60% for cost and 40% for frequency would be convenient.
Concerning the cost factor, it was suggested to classify defects according the cost of repair into the following categories:
-Category A: defects that necessitate engines disassembly and remachining or replacement of major parts, e.g, cylinder walls excessively tapered or out of round. Defects of this category may be given 50 points out of 60. Category B: defects that necessitate engine disassembly and adjustment of some . parts without remachining or replacement of major parts e.g, bent crankshaft. ▪ Such defects are suggested to be given 40 points out of 60. -Category C: defects that call for disassembly and remachining or replacement of a major part e.g, cylinder head needs surface grinding. Thirty points out of 60 is thought to be fair enough for the defects of this category. -Category D: defects that are treated by disassembly and adjustment or replacement of a minor part or more than one part e.g, cylinder head gasket failure. The suggested number of points is 20. -Category E: defects that necessitate adjustment of a part or some parts without disassembly e.g, adjustment of the tightening torque of cylinder head bolts. An earning of 10 points out of 60 is suggested.
On the other hand, concerning the frequency of occurrence factor, the defect of :greatest frequency of occurrence is given 40 points out of 40 and the defect of • smallest frequency is given 5 points and the frequencies in between are given points by interpolation.
The defects are usually detected by their consequencies such as sound (noise, knocks, detonation, ...), leakage (water, oil, gas, ...), exhaust colour or smell (burning oil, ...) and deficiency of engine performance. Some of the consequencies are caused by several defects, therefore investigation should be started to recognize the specific defect that caused a certain consequency.
In the undertaken research defects recording was postponed until the discovery of the real defect. That is, our interest was recording the defect not the consequency of the defect since the main objective is recognizing the vital significant defects to treat their causes. 50  50  50  50  50  40  10  40  50  50  40  20  20  20  20  20  20  10  30  20  20  40  20  20  20  30  50  30  30  10  30  30  50  20  30   38  5  6  35  5  26  42  16  26  9  7  56  7  9  9  13  33  9  5  19  13  9  14  11  10  5  9  13  3  5  10  15  8  45  7   28  6  7  26  6  21  31  14  21  9  7  40  7  9  9  11  25  9  6  16  11  9  12  10  9  6  9  11  5  6  9  13  8  33  7   78  56  57  76  56  61  41  54  71  59  47  60  27  29  29  31  45  19  36  36  31  49  32  30  29  36  59  41  35  16  39  43  58  53  37 According to the Pareto chart shown in figure-1 investigation was started to recognize the causes of the significant defects that have relatively high cost/ frequency combined index. In the considered case it is obvious that the defects of relatively high index are: A-I, B-I, C-2, 13-3 & D-1. The analysis of defects causes contributed to the following findings: 1-Concerning the defects A-1 and B-1 that stand for "excessive bearing and connecting rod bearing clearance", i t was found that the source of trouble was not the matching process of bearing shells but the material of bearing Iigtare 1 Comtlined Cost -Frequenc.v Pareto Chart 2-Concerning the defect C-2 which is "excessively tapered cylinder wallP it was found that one of the workers is mistaken in the way of measurement. He was not following the instructions stating that the wear in the cylinder bore should be measured on three different spots, he was performing measure-• ment on the top and bottom only. He was trained on the right way of measurement and the supervisors were notified to pay attention to the way of measurement followed by the other workers.
3-Concerning the defect B -3 "Misaligned connecting rod", the investigation revealed that the checkover for bending and twisting by using the connecting rod alignment jig was omitted. The quality personnel were directed to carrying out the misalignment test and the facilities of misalignment removal were put in use. 4-Concerning the defect D-1, that is"bent push rod", it was discovered that inspection processes do not include checking push rods for bending. A test stand for such an inspection was supplied and the inspectors were trained on performing it. 1 5-It was found convenient to take into consideration one of the defects that possess relatively low index however it shows relatively high frequency of occurrence that is, defect B-4 "improperly tightened connecting rod bolts". Some of the workers were seemingly not convinced with the importance of tightening the bolts to the right tightening torque despite they are provided with torque wrenches. They were warned not to do this again and their supervisors were notified to make checks.
As a result of the actions taken according to analysis and investigation mentioned above, an obvious decrease in the frequency of defects especially those of high cost, has been achieved. It is to be noted that such an analysis of defects is not to be done once and for all otherwise the results will be limited. The sources of defects are numerous and dynamic and treating the currently existing sources of defects does not mean that the problem has been solved since other sources may appear, moreover, the same sources may be repeated again after a period of time. Therefore, recording and analysing defects should not cease and suitable actions should be taken immediately according to the results of the analysis.
In figures, the actions that were taken to treat the sources of the serious defects mentioned above (A-1, B-1, C-2, B-2, D-1 and 13-4) resulted in an improvement as shown in table 3 which includes a comparison between the frequencies of serious defects recorded during the month of study and those recorded during the next month after taking actions. 
CONCLUSIONS
From the above study we can conclude the following:
1-The main goals of the inspection process are not achieved without recording and analysing the detected defects. The results of analysis should be utilized as a basis for directing quality personnel towards actions that realize quality improvement. 2-The techniques of analysis of defects are applicable to repair workshops as well as to the factories. 3-The two usually used Pareto charts, that is frequency based chart and cost based chart, could be summarized in one chart that may be called combined frequency/cost based chart that considers and index representing cost and frequency. 
4-
The application of Pareto analysis and other related techniques results in improving the quality. 5-Analysis of defects is a dynamic process that not to be done once and for all otherwise the benefits will be limited.
